The new health care buzz words include "personalized or individualized medicine." Populations such as American Indians and Alaska Natives potentially have much to gain from this new science to overcome the known health disparities in these populations. This will require participation and acceptance of diverse populations. This article reviews the promise and challenges of individualizing cancer care using principles of community-based participatory research.
Introduction
The new health care buzz words are "personalized medicine" or "individualized medicine." Ever since the complete human genome sequence was published 10 years ago, there has been great hope that genomic sciences will provide ways to optimize medical care [1] . Populations such as American Indians and Alaska Natives (AIAN) could have much to gain from this new science to overcome the known health disparities present in these populations. Cancer is certainly a ripe area for this type of research, but so far, there has been little education or inclusion of AIAN patients, clinicians caring for them, nor policy makers within the Indian health system in this effort.
In the past decade, the National Cancer Institute (NCI) has commissioned a specific branch, the Center to Reduce Cancer Health Disparities (CRCHD), dedicated to community-based participatory research and evidence-based medicine to overcome these disparities. The CRCHD coordinates and strengthens the NCI cancer research portfolio in basic, clinical, translational, and population-based research to address cancer health disparities. One program within CRCHD is the Community Networks Program (CNP) which supports outreach to minority and other underserved communities across the country. Many of these CNPs are partnering with NCI on programs such as GMaP and BMaP described below.
GMaP and BMaP
State of the art medicine today acknowledges that "one size doesn't fit all" and that approximately 30% of all medications either do not work or are too toxic for certain individuals [2] . Potentially, minority populations would have the most to gain from understanding these issues because they are more likely to have individuals with genetic variants modifying drug metabolism or function. NCI has funded Administrative Supplements for Minority Biospecimens/ Biobanking-Geographic Management Programs dedicated to ensuring the adequate and continuous supply of highquality human biospecimens from multi-ethnic communities for cancer research. The plan is to create regional networks focused on cancer health disparities research and care.
However, so far minority communities have not been directly involved with these regional hubs, which are in the early stages of development. Finding the targets for detection, therapy, and prevention involves the nascent fields of genomics, proteomics, and metabolomics, all of which depend on high-quality biospecimens. Even under ideal circumstances, it will likely take years of research to identify the genetic contribution for most common diseases. Genomic technology has dramatically outpaced understanding of human genetics and our ability to conduct the public education necessary to enlighten consumers of this new technology. There are significant difficulties inherent to meaningful clinical application of such information [3] . The general public has maintained hope while expressing frustration that despite very substantial investment and effort over the past 30 years, the overall survival rate of cancer patients has changed little [4] . Certainly, most ethnic and racially diverse cancer patients, who suffer excess morbidity and mortality from a variety of cancers, have doubts as to the relevance of cancer research and clinical trials to improving their well-being.
As stated by McGuire et al. in Science, "relating genotype to phenotype is the challenge for genetic medicine over the next century" [4] . Scientists argue that without a truly robust mechanism for selecting the right treatment for the right patient at the right time-the central concepts of personalized medicine-we will continue to see only incremental improvements and have little hope for substantial survival gains. Future clinical trials are now being designed with a plan to incorporate biomarker development [5] . Figure 1 shows the current GMaP program and components. Table 1 shows the potential benefits of the GMaP project to researchers and federal partners in the research enterprise.
The missing essential component is to identify community priorities, develop trust, and implement culturally acceptable interventions. Potentially, the community and community members will benefit from identifying the most effective treatments with the fewest side effects for each patient. If minority community members are not involved in this endeavor, however, health disparities will only increase, not decrease.
Community-Based Participatory Research Examples
The Walking Forward Program (WFP) is a communitybased participatory research study designed to enhance American Indian (AI) enrollment on cancer treatment trials. The WFP was initiated in September 2002 as an NCIfunded study under the Cancer Disparities and Research [6] . The WFP has been implemented on three AI reservations home to the Cheyenne River Sioux Tribe, Rosebud Sioux Tribe, and the Oglala Sioux Tribe, as well as the urban AI community in Rapid City, South Dakota. These reservations also include three of the five poorest counties (Todd, Shannon, and Ziebach counties) in the USA. AIs are about 8.5% of the South Dakota's population (US Census 2000), of which about 70,000 reside in the areas served by the WFP. This project involves a genetic study to elucidate the underlying genetic basis for the higher incidence of radiation-induced toxicities anecdotally reported in some AI cancer patients undergoing radiation treatment-analysis of the ataxia telangectasia mutated (ATM) gene (ATM−) [7] . Initial planning included community and patient surveys identified barriers to cancer care in this underserved population.
The high rates of cancer mortality in the AI communities appear, in part, to arise from the lack of cancer screening, knowledge regarding screening, consequences of presentation at a late disease stage and treatment options, as well as socioeconomic factors. The WFP developed a regional research infrastructure, established trust with the AI communities, [8] , and implemented a patient navigation program (Klewien B, Hamann S 2008; [8] [9] [10] [11] [12] ). These activities, in the near term, resulted in identification of community-specific barriers to cancer care and greater patient accruals to clinical trials [13] [14] [15] .
Since geographic remoteness from treatment centers and duration of a conventional course of radiation treatment present significant challenges to AI patients [16] , it was hypothesized that these barriers might be lowered through various programs tailored to this population. These included: patient navigation; treatment options and clinical trials offering a shorter course of radiation via brachytherapy and/or intensity-modulated radiotherapy [17, 18] ; and a comprehensive educational program encouraging screening and early detection. Treatment options that offer a shorter course of radiation would be more attractive to AIs and potentially lead to higher rates of completion of treatment and thus higher cure rates. It was also postulated that cancer education in these AI communities would eventually lead to AI cancer patients seeking treatments at early stages of the disease (stage migration). The project initiated a study of the ATM gene to determine if there is a correlation between radiation toxicities and ATM heterozygosity, which over the long term will help guide therapy and symptom management strategies.
The WFP approach to enhancing accrual of AI patients to clinical trials is summarized in Fig. 2 . The increased enrollment to clinical trials is the result of the comprehensive patient navigation program that enhanced trust, increased cancer screening and education, leading to detection and immediate referral for treatment. AIs appear to be hypersensitive to the effects of ionizing radiation. In a retrospective analysis of 61 AIs undergoing definitive radiotherapy at RCRH CCI, 50% of patients experienced grade 2 toxicities (G2) and 17% experienced grade 3 toxicities (G3). The majority of these toxicities were skin reactions in patients with breast and colorectal cancer [13, 14] . This is manifested as a more severe skin reaction ranging from a mild skin erythema to a patchy moist desquamation with moderate edema eventually progressing to a confluent moist desquamation. Fear of this treatmentrelated side effect could potentially contribute to observed significant treatment delays in this patient population. In an analysis from RCRH, 28% had delays >6 or more days, and 15% had delays >11 days which could lead to compromised tumor control [14, 19] . Homozygosity of mutations in ATM leads to extreme hypersensitivity to radiation [15, 16] , while heterozygosity may be associated with an increased risk for developing cancer and radiation-induced toxicities [17] . It was postulated that studying the ATM gene in AIs would provide a better understanding of the underlying molecular mechanism for the observed higher incidence of toxicities in this population. Establishing a predictive molecular marker could help facilitate:
1. Accurate counseling of radiation side effects and treatment options. 2. Possible modification of the radiation treatment plan to minimize likely adverse effects. 3. If the presence of ATM does predispose AI to a higher incidence of cancer, then issues of education, screening, and lifestyle changes would be critical. 4. If a higher rate of ATM heterozygosity was observed among the AI, genetic counseling would be a critical part of this study.
To date, 100 AIs (Rapid City) and 100 non-AIs (52 from Rapid City and 48 from UW-Madison) have participated in the ATM study. A total of 25 single nucleotide polymorphisms (SNPs) have been identified in 21 of 62 sequenced exons from 200 samples. Four of the variants have not been reported in any of the current ATM databases, and are thus potentially new variants. There was no statistically significant difference for total prevalence of SNPs among AI (40%) and non-AI (48%) patients (p00.32). Five SNPs had a prevalence of >2%, of which four occurred at a rate of >5% in one or both groups. The prevalence of these could meaningfully be compared statistically in the two groups. The only statistically significant difference among the groups was the c.4138 C>T SNP seen in 8% of AI versus 0% of non-AI patients (p00.007). However, this SNP is predicted using the Polyphen software tool not to affect protein function. The prevalence of those SNPs predicted to result in potentially deleterious missense mutations was 28% among non-AI and 18% among AI (p00.13). Of particular interest is SNP c.5557 G>A, which had a prevalence of 25% in non-AIs versus 14% in AIs (p00.07). Three homozygous patients were identified for this SNP, all in the non-AI group.
Analysis of toxicity data for the 200 patients enrolled in this trial reveals that 53% have developed G2 acute toxicities, and 18% G3. While the follow-up is relatively short, 16% have developed G2 late toxicities, and 2% G3. Correlating the SNP data with available patient toxicity data is underway and will reveal any important SNPs that can be predictive of radiosensitivity [20] .
This program has two clear messages: (1) it is possible to do quality genetic research in an AIAN population as part of an ongoing clinical trial and (2) the success of the program revolved around building trust and providing services such as the Patient Navigator program so that the community could see direct benefit from the research being offered.
The Havasupai Case
Biospecimen collection, annotation, and interpretation for different diseases including cancer are increasing in the hopes of gaining scientific understanding and improvement in treatments available for patients. However, the use of biospecimens is fraught with many ethical challenges.
The general American public may have limited recognition of a major suit by the Havasupai tribe against the Arizona State University Board of Regents for alleged misuse of research blood samples [21] . However, this issue is the subject of continued discussions among tribes that have collaborated in research or consider doing so in the future.
The Havasupai Tribe is made up of about 650 people who mostly live in Supai Village, about 10 miles down a scenic side canyon of the Grand Canyon. The impoverished community is accessible only by helicopter or by a trail into the Grand Canyon. Like many AIAN populations, the Havasupai tribal members had noted an increase in diabetes. The tribe earnestly requested help with this health disparity in 1989 and agreed to work with specific researchers to provide blood and DNA. They understood the samples would be used for collaborative research on diabetes only. Samples drawn from Havasupai tribal members during 1991-1994, however, were provided to other researchers without specific consent of individuals or the tribe. Specimens were used to study other issues-some of which violated tribal beliefs. When the tribe inadvertently learned that other studies had been done without their consent, they sued [22] . The original suit in Arizona state court was thrown out on a technicality, but the Arizona Court of Appeals reinstated the case. That Court of Appeals made a legal determination that the plaintiffs may have a privacy interest in their blood specimens. This was a new legal finding, that tribes may have privacy interests and can suffer "dignity harm." A negotiated out-of-court settlement was announced publicly on April 21, 2010 . The blood samples that had been the subject of the bitter lawsuit were restored to the tribe for proper burial on the floor of the Grand Canyon (http://www.azcentral.com/ arizonarepublic/local/articles/2010/04/22/20100422arizona-havasupai-tribe-regents-lawsuit.html).
Traditional Institutional Review Board standards revolve around protecting individuals from harm, so this precedent may have implications for future genetic research and biospecimen collections involving tribal members [18, 23] . Truly informed consent recognizes that different people have different values and concerns. To enable each individual-and tribe-to make an informed decision, the researcher must present information that is "understandable" (45 CFR §46.116, General Requirements for Informed Consent). Researchers engaged with AIAN tribes should be aware of this case because tribes will be sensitized to research utilizing stored biospecimens. On a positive note, the Havasupai still believe that research can be valuable to their people and acknowledged ASU's efforts to improve oversight and conduct of research. The settlement, after 6 years of acrimony, now allows the beginning of a partnership between the universities in Arizona and the tribe.
There are many implications of this court case. Havasupai tribe and members, and other AIAN tribes and members, are not unique in believing they have a privacy interest in the proper future use of their specimens given for research purposes. A recent nested research project involved members of Group Health of Seattle who had consented to store their specimens and data in NIH's national database of Genotype and Phenotype as part of their participation in a larger study. A subgroup of 1,159 (86%) who had already signed informed consent documents to send their specimens and data were interviewed about the importance and acceptability of different methods the parent study could have used to send their specimens to a central repository. Of the 365 participants interviewed, 90% said it was important to have been asked to consent first (69% "very important," 21% "somewhat important"); 70% said it was unacceptable to have sent their specimens to a central repository without telling them or asking for permission (54% "completely unacceptable," 16% "somewhat unacceptable"); 67% said it was unacceptable to have only informed them by letter that their specimens and data had been sent-without consent or an "opt-out procedure" (47% "completely," 20% "somewhat") thus using specimens and data without at least on "opt-out" procedure is unacceptable not just to most AIAN people but also probably to most people in the USA.
Conclusions
Cancer research priorities are currently focused on more specific biomarkers that can individualize patient treatments in the hopes of improving survival from cancer. The development of a national program which focuses on developing regional infrastructure to collect annotated biospecimens (GMaP) is going forward as a priority of the National Cancer Institute. This will require acceptance and participation from a diverse population to draw conclusions about response rates, toxicities, and outcomes for new cancer therapies. The Spirit of E.A.G.L.E.S. is a national Community Networks Program working with all AIAN populations on education, training, and research across the cancer care continuum. This and other CNPs, which advocate for a community-based participatory research model, must now engage their respective communities if these regional networks are to be successful in accessing an adequate and continuous supply of high-quality human biospecimens from racially and ethnically diverse (and presumably genetically diverse) underserved communities. Dialogue has now begun on how to achieve positive results that will help overcome cancer health disparities.
